Complementary medication is en vogue and an increasing number of patients consume herbal medicine without reporting their use to physicians. We report a case of iodine-induced hyperthyroidism due to the ingestion of a kelp-containing tea. A 39-year-old woman with multinodular goiter presented with typical signs of hyperthyroidism, which was confirmed by endocrine tests. She was not exposed to iodinated radiocontrast media and did not take medications containing iodine, such as amiodarone. However, a detailed medical history revealed that she had been treated for a period of 4 weeks by a Chinese alternative practitioner with a herbal tea containing kelp because of her enlarged thyroid. The consumption of the tea was discontinued and an antithyroid drug therapy was initiated. Physicians should advise patients with underlying thyroid disease to avoid all complementary or alternative medications containing iodine.
In healthy individuals, the thyroid gland has intrinsic autoregulatory mechanisms to adapt to excess iodine (for review, see Braverman 1 ). The oxidation of iodine, which is an essential first reaction in the synthesis of the thyroid hormones, is inhibited in the presence of large amounts of iodine. This acute inhibitory effect of excessive iodine on hormone production, known as the acute Wolff-Chaikoff effect, is only transient. 2 After approximately 48 hours, an escape from the acute WolffChaikoff effect occurs leading to a normalization of thyroid hormone synthesis. 3 Animal studies suggest that the adaptation to this effect may be caused by the diminished active transport of increased plasma iodide into the thyroid leading to a protection of the thyroid from the adverse effects of excessive iodide on thyroid hormone production. 4, 5 In contrast, patients with underlying thyroid disease may fail to adapt to excessive iodine resulting in hypothyroidism or hyperthyroidism. The occurrence of these 2 disparate responses to iodide excess may be due to differences in the sensitivity to iodide-induced turnoff in hormone biosynthesis. 6 Subjects with an elevated sensitivity, such as patients previously treated for Graves' disease with radioactive iodine, subtotal thyroidectomy, antithyroid drugs, or those with chronic autoimmune thyroiditis, have an increased risk to develop hypothyroidism after administration of excessive iodide because of a failure to escape from the acute Wolff-Chaikoff effect. 1 In contrast, in subjects with lowered sensitivity, i.e., patients with endemic goiter and iodide deficiency or patients with nodular goiter containing autonomous nodules, iodide excess may result in hyperthyroidism. 6 Commonly used iodine-containing drugs, such as amiodarone, topical antiseptics, expectorants, and radiology contrast agents are sources of excessive iodine. 7 Furthermore, various foods and dietary supplements, including kelp, may contain high quantities of iodide. 8 Kelp are large seaweeds, belonging to the brown algae and classified in the order Laminariales, and are an important food source in many Asian cultures. Herbal medicine, including kelp and kelp-containing dietary supplements, are also used by an increasing number of patients. 9 In 1997, approximately one third of the adult population in the United States reported use of herbs to treat medical illnesses.
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The growing consumer interest is also reflected by the herbal product annual retail sales increasing from $1 billion in 1994 to $4 billion in 1998. 11 However, 70% of patients do not inform their physicians of concomitant use of herbal medicines. 12 According to the prevailing belief that herbal products are safe owing to their natural origin, they are not subjected to the same restrictions as pharmaceutical drugs. Herbs are considered dietary supplements and do not have to receive approval from the Food and Drug Administration (FDA) before sale and marketing. However, many serious and even life-threatening adverse reactions have recently been reported. 13 Side effects include toxicity, allergic reactions, effects because of contamination, and interaction with drugs and other herbs. 14 Here, we present a case of iodine-induced thyrotoxicosis in a patient with multinodular goiter with autonomously functioning tissue. Initially, the source of iodine was not obvious, especially as iodinated contrast agents, amiodarone, or topical antiseptics were not used. Finally, after intensive questioning it was revealed that the consumption of a kelp-containing tea was the sought-after source of excessive iodine. 
CASE REPORT
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ily history were unremarkable. Physical examination confirmed a palpably enlarged thyroid. Normal values of free triiodothyronine (fT3), free thyroxine (fT4), and thyroid-stimulating hormone (TSH) were congruent with the lack of clinical signs of hyper-or hypothyroidism; antithyroid peroxidase (TPO), antithyroglobuline (TG), and anti-TSH-receptor (TSH-R) antibodies were negative (Table 1) .
Ultrasonography revealed a multinodular goiter with a total volume of 62 mL. A thyroid 99m TC-pertechnetate scintigraphy showed a homogenous uptake with a moderate autonomy in the right upper lobe, confirmed by a thyroid scan under exogenous TSH suppression with levothyroxine ( Fig. 1) .
The patient was informed of the therapeutic options that included thyroid resection versus routine follow-up clinical visits. She decided against surgery, and a short-term control visit was arranged. Furthermore, it was pointed out to the patient to avoid the intake of large amounts of iodine, such as iodinated radiocontrast agents or iodine-containing drugs or food. Two months later, the patient was in good general health and endocrine tests revealed thyroid hormones and TSH plasma levels within the normal range (Table 1) .
Four months after the initial visit, the patient presented with typical signs of hyperthyroidism, including tachycardia (100 beats/min), palpitations, tremor, nervousness, insomnia, fatigue, increased sweating, diarrhea, secondary amenorrhoea, and weight loss. Laboratory analysis revealed increased levels of fT 3 and fT 4 as well as a suppressed TSH concentration, anti-thyroid antibodies remained negative (Table 1) . Ultrasonography showed a multinodular goiter with a total volume of 67 mL. The patient did not report any exposure to medications containing iodine, such as iodinated radiocontrast agents or amiodarone. However, on further questioning, the patient reported that for the last 4 weeks she had been consuming a herbal tea, prescribed by a Chinese alternative practitioner to treat her enlarged thyroid. The prescription of the tea, which is shown in Figure 2 , revealed large amounts of kelp, Sargassum weed, and kombu.
The patient was advised to discontinue the consumption of the tea and an antithyroid drug therapy with 40 mg thiamazole and 40 mg propranolol daily was initiated. Her follow-up visit, 7 months after the diagnosis of hyperthyroidism, revealed normal laboratory values of fT3, fT4, and just slightly decreased TSH levels ( Table 1 ) that were congruent with the lack of clinical signs of hyper or hypothyroidism. Her thiamazole therapy was then reduced to 20 mg daily.
DISCUSSION
Iodine-induced thyrotoxicosis is not a single etiologic entity (Table 2) . However, common causes are iodine supplementation in areas of iodine deficiency or administration of high doses of iodide, such as iodine-containing drugs or iodinated radiographic contrast agents, in patients with nodular goiters including areas of autonomy. 6, 15, 16 In countries with a higher iodine intake, such as the United States, iodine-induced thyrotoxicosis is not frequent. 7 However, the incidence of this dis- TC-pertechnetate scintigraphy, before (A) and after taking 100 mg levothyroxine daily for 4 weeks (B), showing a homogenous uptake with a moderate autonomy in the right upper lobe.
order may increase with the aging of the population, as elderly persons with long standing multinodular goiters have an increased risk to develop iodine-induced hyperthyroidism. 17 Common sources of excessive iodine are iodinated radiocontrast material and the antiarrhythmic drug amiodarone. 18, 19 Iodine-induced thyrotoxicosis after consumption of kelp or kelp-containing dietary supplements is rare, as reflected by the small number of case reports that have been documented. [20] [21] [22] [23] [24] However, they do require clinical attention in view of the increasing use of herbal products, including kelp.
14 Patients typically do not inform their physicians of ingestion of herbal medicine. 12 Similarly, on admission, our patient also did not report on her herbal use. Only after specific questioning for drug intake, including alternative medicine, revealed consumption of a herbal tea. Study of the tea's prescription (Fig. 2) showed large amounts of seaweed, a known rich source of iodine (Table 3) . Considering the average iodine content of kelp of 1,500 to 2,500 mg/g, 8, 25 our patient was taking an estimated 580 to 990 mg iodine daily, i.e., 3.8 to 6.6 times the recommended daily allowance of 150 mg. 26 For comparison, in the United
States the estimated average iodine intake of men and women aged 25 to 30 years is 410 and 260 mg/day, respectively. 27 In the literature, several cases of iodine-induced hyperthyroidism after consumption of seaweed have been described, this occurred mainly while taking kelp tablets. [20] [21] [22] [23] 28 The consumption of kombu, a long dark brown to grayish-black seaweed, has also been reported to cause hyperthyroidism. 29 We report the first case of iodine-induced hyperthyroidism after ingestion of a medicinal tea containing kelp. Furthermore, several dietary supplements have been shown to contain significant amounts of iodine and, therefore, could endanger iodine-sensitive subjects (Table 4) .
Prescription of the medicinal tea containing several species of seaweed (marked by arrows). Sargassum pallidum, a brown algae found in great abundance along the coasts of Japan and China, is, along with Sargassum fusiforme, referred to as sargassum seaweed or gulfweed. Laminaria japonica, belonging to the brown algae, is the most popular variety of kombu widely eaten in Northeast Asia. Seaweed (German translation: Seetang), any of a large number of marine benthic algae that are multicellular, macothallic (large-bodied), and thus differentiated from most algae that tend toward microscopic size. In our patient, hyperthyroidism did not resolve spontaneously following discontinuation of the kelp-containing tea, as described previously, 20, 23 but required antithyroid drug therapy.
Our patient suffered from multinodular goiter in an endemic area of moderate iodine deficiency. This nontoxic multinodular goiter, however, with scintigraphic proof of autonomous tissue, turned toxic after ingestion of the iodine-rich kelp. This case demonstrates the importance of careful and detailed investigations that may lead to the discovery of unusual sources of iodine. Successful diagnosis often requires specific questioning by the physician. Dietary supplements and herbal remedies are used by an increasing number of patients without prior medical consultation. Therefore, patients with known thyroid disease should be advised to avoid all complementary and alternative medications that contain iodine. Before starting any such supplements, patients with underlying thyroid disorder should check with their physician or pharmacist. 
